The Outcome Reduction With an Initial Glargine Intervention (ORIGIN) trial reported neutral effects of insulin glargine on cardiovascular outcomes and cancers and reduced incident diabetes in high cardiovascular-risk adults with dysglycemia after 6.2 years of active treatment. Omega-3 fatty acids had neutral effects on cardiovascular outcomes. The ORIGIN and Legacy Effects (ORIGINALE) study measured posttrial effects of these interventions during an additional 2.7 years.
large, prospective Outcome Reduction With an Initial Glargine Intervention (ORIGIN) trial showed that the addition of exogenous basal insulin (as insulin glargine) sufficient to normalize fasting glucose levels had a neutral effect on cardiovascular events, cancers, and other serious outcomes compared with standard care without insulin in patients with dysglycemia at high risk for cardiovascular disease and reduced the incidence of diabetes in participants without diabetes at randomization (1) .
Omega-3 fatty acid supplements are widely taken for their putative cardioprotective effects (2) . However, the finding that random allocation to 1 g omega-3 fatty acid supplements daily versus placebo had a neutral effect on cardiovascular death and other serious health outcomes in the ORIGIN trial did not support such supplementation (3) .
Several type 2 diabetes trials have reported that the health effects of interventions often persist for several years after the active intervention period (4) (5) (6) (7) . Analyses of such legacy effects can provide further information about the long-term health effects of a time-limited intervention. The aim of the ORIGIN and Legacy Effects (ORIGINALE) study was to determine the effects of a median 6.2 years exposure to insulin glargine versus standard care or omega-3 fatty acids versus placebo on cardiovascular and other outcomes during an additional median follow-up of 2.7 years.
RESEARCH DESIGN AND METHODS
The design and main results of ORIGIN have been published previously (1, 3, 8) . Briefly, 12,537 people aged $50 years with impaired fasting glucose, impaired glucose tolerance, or type 2 diabetes were included if they had additional risk factors for cardiovascular disease. Through a 2 3 2 factorial design, participants were randomized to the addition of one daily injection of insulin glargine targeting a fasting plasma glucose of #5.3 mmol/L (95 mg/dL) versus standard care and to n-3 polyunsaturated fatty acid supplement 1 g daily (omega-3) versus placebo.
The trial finished in December 2011, and subsequent use of all medications and supplements was at the discretion of the patients' usual health-care providers, except insulin glargine was discontinued for all patients without diabetes at the end of the trial. Funding was available to continue follow-up until May 2014. All research sites were invited to continue noninterventional posttrial follow-up of participants, and those that agreed obtained local ethics approval. ORIGIN participants (or family members in the case of death since the last study visit) were contacted between July 2012 and May 2014 to ascertain their clinical status. Participants providing informed consent were invited to attend up to two visits during that period, the first at the time of initial contact and the second between February and May 2014. Participants whose first visit was completed after November 2013 did not need a second visit. At study visits, clinical outcomes, episodes of severe hypoglycemia requiring third-party assistance or of any symptomatic hypoglycemia (1), medication use, blood pressure, anthropometry, HbA 1c , and serum creatinine were assessed. If the participant could not attend in person, as much data as possible were gathered for that visit by telephone or from the medical record.
Outcomes
Apart from the composite microvascular outcome and incident diabetes, the ORIGINALE outcomes were identical to those of the ORIGIN trial. The two coprimary composite outcomes for the glargine versus standard care comparison were death from cardiovascular causes or myocardial infarction or stroke and any of these three outcomes or hospitalization for heart failure or carotid, coronary, or peripheral revascularization. The primary outcome for the omega-3 versus placebo comparison was death from cardiovascular causes. Because urine specimens were not collected during the ORIGINALE study, the microvascular composite outcome measured during the ORIGIN trial (death due to renal failure, dialysis, doubling of serum creatinine, treated diabetic retinopathy, or progression of albuminuria) (1) could not be measured. Instead, a clinical microvascular outcome that excluded albuminuria progression but retained all of the other elements of the composite outcome was used. Incident diabetes among participants without diabetes at randomization included a new diabetes diagnosis during the ORIGIN trial based on either oral glucose tolerance tests or other criteria (1) . A broader definition included possible but unconfirmed diabetes (i.e., diabetes diagnosed or treated by a nonstudy physician during the trial without documented confirmation) (1) . Oral glucose tolerance tests were not performed during posttrial follow-up. Instead, a diagnosis of diabetes during this phase was based on either HbA 1c $6.5% (48 mmol/mol) or the new use of any glucose-lowering drugs. All events were verified by ensuring that they were consistent with the same event definition criteria used during the ORIGIN trial (1,3).
Statistical Analysis
SAS software was used for analyses according to a prespecified plan finalized before the review of any data by original treatment group. The nominal level of significance was P , 0.05, with no adjustments made for multiple testing. All data were analyzed from the time of randomization until the first occurrence of the relevant event, whether it occurred during the active treatment phase or the posttrial follow-up phase. Data for each participant were censored at the time of the relevant event, death, or last contact. Kaplan-Meier curves were plotted and comparisons made using stratified log-rank tests. Hazard ratios (HRs) were calculated based on Cox regression stratified by allocation in the other factorial arm, baseline diabetes status, and baseline history of cardiovascular events. As in the original ORIGIN analyses, for outcomes with fewer than five events in a stratum, Cox regressions treating these three factors as covariates were used (1). For incident diabetes and hypoglycemia, odds ratios (ORs) were calculated, and comparisons were made using Cochran-Mantel-Haenszel tests stratified by allocation to omega-3 or placebo and baseline history of cardiovascular events. Participants were analyzed according to the groups to which they were randomized.
Some sites were unable to include all their surviving participants in ORIGINALE. Participants who agreed to ORIGINALE follow-up may have differed from those who did not, and that may have depended on whether they had been allocated to active or control therapy. This possibility was mitigated by a decision made before data were analyzed to restrict the posttrial data included in the primary analyses of each of the two factorial arms to only those participants from sites that were able to follow at least 80% of the surviving participants in both treatment groups. Two sensitivity analyses were also conducted. The first included posttrial data from all participants, and the second included all investigator-reported events during the posttrial follow-up phase, regardless of whether they met all the prespecified diagnostic criteria.
RESULTS

Insulin Glargine Versus Standard Care
Supplementary Fig. 1 shows the disposition of the 12,537 participants allocated to insulin glargine or standard care. Of 10,535 participants alive and eligible for posttrial follow-up, 5,869 had posttrial data, and 4,718 were included in the primary analysis. Of these, 293 (6%) were reported dead at the time of the first posttrial contact, 665 (14%) were alive but provided no further information, and 3,760 (80%) consented to further evaluation. A total of 11,911 person-years of posttrial follow-up were added over a median of 2.7 years. Thus, the primary analysis of ORIGINALE included a median of 6.7 years and 85,928 person-years of follow-up from randomization.
Characteristics of the 4,718 participants included in the posttrial followup were compared with the remaining 5,817 eligible participants not included in the posttrial follow-up (Supplementary Table 1 ). Posttrial follow-up participants were older and less likely to be female and had more baseline cardiovascular disease overall and myocardial infarctions but fewer strokes, less severe dysglycemia and use of glucose-lowering medications, and a more favorable lipid profile with more statin use. Comparison of the participants randomized to insulin glargine or standard care who continued in the posttrial follow-up showed no important differences in baseline characteristics (Table 1) .
Event rates during the trial period, the posttrial follow-up period, and overall are shown in Supplementary Supplementary Fig. 2 ). These findings were unchanged in sensitivity analyses that included all participants and that included events that did not meet all the prespecified diagnostic criteria (data not shown). No differences in the effect of insulin glargine on the coprimary outcomes among various subgroups ( Supplementary Figs. 3 and 4) were found.
Among participants without diabetes at baseline, diabetes was diagnosed at some point during the whole study period in 278 of 737 (37.7%) randomized to insulin glargine and 300 of 719 (41.7%) randomized to standard care (OR 0.85 [95% CI 0.69-1.04]; P = 0.12). When participants with possible but unconfirmed diabetes were added, the numbers were 304 (41.2%) in the insulin glargine group and 343 (47.7%) in the standard care group (0.77 [0.63-0.95]; P = 0.014) (Fig. 2) .
The use of medications over the course of the trial and posttrial followup is shown in Table 2 . At the end of posttrial follow-up, 957 of 1,873 participants (51%) allocated to the insulin glargine group versus 286 of 1,887 (15%) allocated to the standard care group were taking a basal insulin (P , 0.001), and 386 of 1,873 (21%) allocated to the insulin glargine group versus 449 of 1,887 (24%) allocated to the standard care group were not taking any glucoselowering agents (P = 0.019). At this time, median HbA 1c (interquartile range) levels in participants allocated to the insulin glargine group were lower than in those allocated to the standard care group (6.55% [6. There was no effect on blood pressure or renal function, and the small, but significant difference in weight at the end of ORIGIN (greater with glargine) did not persist in posttrial follow-up (Supplementary Table 3 ). The proportion of participants experiencing at least one hypoglycemic event at some point during the whole study period was higher in the glargine group than in the standard care group for both severe (366 of 6,264 [ Table 2 ).
Omega-3 Fatty Acid Supplement Versus Placebo Supplementary Fig. 5 shows the disposition of the 12,536 participants allocated to the omega-3 fatty acid supplement or placebo. Of the 5,869 participants who provided posttrial data, 4,771 were included in the primary analysis. These participants differed from the 4,718 analyzed for the glargine comparison because sites that followed comparable numbers of participants in both arms of one intervention did not necessarily follow comparable numbers in both arms of the other intervention. Of the 4,771 participants, 287 (6%) were reported dead at the time of posttrial contact, 696 (15%) were alive but provided no further information, and 3,788 (79%) consented to further evaluation. A total of 12,064 person-years of posttrial follow-up were added over a median of 2.7 years. The primary analysis for omega-3 versus placebo included 85,901 person-years over a median of 6.9 years.
Supplementary Table 1 shows that compared with those who did not participate in posttrial follow-up, the posttrial follow-up participants were minimally older, more were male and had a history of myocardial infarction, but fewer had a history of stroke or hypertension. They had lesser degrees of dysglycemia and morefavorable lipid profiles and were using fewer glucose-lowering medications but more statins and antiplatelet agents. However, no important differences were found between posttrial follow-up participants randomized to the omega-3 and placebo groups (Table 1) .
Event rates are shown in Supplementary  Table 4 . Over the course of the whole study, no difference was found in the incidence of the primary outcome of cardiovascular death between the omega-3 and placebo groups (688 of 6,281 [11.0%] vs. 700 of 6,255 [11.2%]; HR 0.98 [95% CI 0.88-1.09]; P = 0.68) or all-cause death, arrhythmic death, or the composite of myocardial infarction, stroke, or cardiovascular death or any of the other cardiovascular outcomes assessed (all P . 0.2) (Fig. 3 and Supplementary Fig. 6 ). Inclusion of all investigator-reported events in the posttrial follow-up for all participants from all sites in the posttrial follow-up did not change the results (data not shown). No differences in the effect of omega-3 on cardiovascular death were seen in key subgroups (Supplementary Fig. 7 ).
Supplementary Table 5 shows that the use of glucose-lowering medications or other cardiovascular medications was not different between the omega-3 and placebo groups at randomization, the end of the trial, or the end of posttrial follow-up. Omega-3 supplements were used by 89% of the omega-3 group and 1.3% of the placebo group at the end of the trial (P , 0.001) by design, but this difference was much smaller at the end of posttrial follow-up (11% vs. 8.8%, respectively, P = 0.04). Anthropometric measures, blood pressure, HbA 1c , and renal function were not different Data are n (%), mean (SD), or median (interquartile range) for skewed variables unless otherwise indicated. ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blocker; IFG, impaired fasting glucose; IGT, impaired glucose tolerance.
between the two groups at any stage of the study (Supplementary Table 6 ).
CONCLUSIONS
The ORIGINALE study shows that after a median of 6.2 years of treatment and an additional median follow-up of 2.7 years among 45% of the surviving participants from ORIGIN, insulin glargine has a persistently neutral effect on cardiovascular, cancer, and other health outcomes and improves glycemic control. Over the same period, an omega-3 fatty acid supplement had a neutral effect on cardiovascular outcomes. More than 4,700 participants contributed an additional 12,000 person-years of follow-up and .1,000 events to yield these results. These neutral findings for insulin glargine confirm the main findings of the ORIGIN trial (1) and the findings pertaining to cancers (9) . For cancer, the findings also suggest that the previously observed neutral effect of exogenous insulin extends to cancers that may take somewhat longer to develop than in the original trial duration. Moreover, the findings are consistent with the conclusion that the link between basal insulin and serious health outcomes observed in uncontrolled observational studies may not be due to exogenous insulin itself; it may be best explained by the clinical circumstances that led to insulin initiation or other reasons.
Of note, these basal insulin-related neutral findings obtained during followup of ;9 years are consistent with those at 10 years in the UK Prospective Diabetes Study, which allocated newly diagnosed patients to glucose lowering with basal insulin or a sulfonylurea versus conventional care starting without insulin (4). Finally, as previously explored (10), the very small difference in HbA 1c of 0.15% (1.6 mmol/mol) between the two treatment groups accounts for the absence of reduced microvascular outcomes, which is consistent with the conclusion that insulin itself has no effect on these outcomes.
In ORIGIN, insulin glargine reduced progression to diabetes compared with standard care. During ORIGINALE, incident diabetes was diagnosed by means of the HbA 1c level, which is a less sensitive test than the oral glucose tolerance test used in ORIGIN (11) . Nevertheless, when incident cases of confirmed diabetes that developed during ORIGINALE (after insulin was discontinued for all participants without diabetes at the end of the trial) were added to those identified during ORIGIN, there was a consistent (albeit nonsignificant) 5% reduction in newly developed diabetes that achieved significance when 69 possible, but unconfirmed cases of diabetes were added. This finding suggests that the effect of providing exogenous insulin (and probably reducing the strain on b-cells and lowering the demand for endogenous insulin secretion) on incident diabetes may persist for up to 2 years after exogenous insulin is discontinued. The finding also is consistent with other evidence that provision of insulin may improve or slow decline in endocrine pancreatic function and promote better long-term glucose homeostasis (12, 13) .
During the trial and posttrial followup, glycemic control was better in the insulin glargine group than in the standard care group, and hypoglycemia rates were higher. This finding may be due to greater posttrial use of basal insulin in the group randomized to glargine. Indeed, 51% of the glargine group that continued to be followed was using basal insulin at the end of the posttrial follow-up despite being permitted to stop at the end of the trial, and fewer were using noninsulin glucose-lowering agents alone. This finding illustrates the effectiveness of basal insulin for glycemic control in type 2 diabetes and shows that continuation of basal insulin therapy is an acceptable therapeutic option for a significant proportion of patients given insulin early in the course of the disease.
The absence of any emerging longterm effect of omega-3 fatty acid supplements on cardiovascular or other outcomes and that contemporary trials have not detected any benefits (14-18) provide more evidence against their routine use. Because only 9-11% of patients in both groups continued on omega-3 supplements during ORIGINALE, it appears that the message from evidence of this sort is reaching patients and providers.
Results of this study should be interpreted in the context of two major limitations. First, the relatively short duration of additional posttrial follow-up limited the ability to identify potential emerging effects of the interventions. Second, 56% of eligible ORIGIN participants continued in the posttrial follow-up. Because of these limitations, posttrial follow-up contributed only about one-tenth of the coprimary events, limiting the power to detect differences. However, although event rates among the nonparticipants in the posttrial follow-up remain unknown (and given their lower cardiovascular risk profile, may have had a different response to glucose lowering with insulin), risk of bias was minimized by the analytic strategies used for the primary analyses.
Taken together, the combined findings from ORIGIN and the smaller number of participants in ORIGINALE may be reassuring to patients and providers regarding the long-term safety and glycemic control efficacy of basal insulin glargine when it is used to lower glucose levels. The findings also provide further evidence against any cardiovascular benefits of omega-3 fatty acid supplements. 
